Background/Aims: Cullin 4A (CUL4A) is vital in cell survival, development, growth and cell cycle, it plays an important role in chaperone-mediated ubiquitination and interacts with TP53 in carcinogenesis. However, the clinicopathologic significance of CUL4A expression in colorectal cancer is unknown; in particular, the prognostic value of CUL4A combined with TP53 expression has not been explored. Methods: We analyzed the expression of CUL4A in both public database (Oncomine) and 180 cases of colorectal cancer and paired normal tissues by real-time polymerase chain reaction and western blotting. Colony formation, wound healing, migration and invasion assays and tumorigenesis in nude mice were used to explore the function of CUL4A in CRC proliferation and metastasis in vitro and in vivo. Markers of epithelial to mesenchymal transition (EMT) were evaluated by western blotting. Immunohistochemistry (IHC) was used to analyse the relationship between CUL4A expression and E-cadherin expression. Results: CUL4A and TP53 protein expression was significantly higher in cancerous tissues compared to normal tissues. Significant correlation between CUL4A and TP53 expression was observed. CUL4A expression was an independent prognostic factor for overall survival (OS) and disease-free survival (DFS). Interestingly, patients with tumors that had both CUL4A overexpression and mutant TP53 protein accumulation relapsed and died within a significantly short period after surgery (P < 0.001). Multivariate analysis showed that patients with both CUL4A+ and TP53+ positive tumors had extremely poor OS and DFS. Knockdown of CUL4A by a short interfering RNA (siRNA) significantly suppressed the progression of EMT, proliferation, migration, and invasion of colon cancer cells in vitro and tumor growth in vivo. ZEB1 silencing blocked CUL4A-driven these processes. Conclusion: CUL4A expression correlated positively
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Introduction
Colorectal adenocarcinoma is affecting approximately 112, 000 new patients every year [1] . Despite improvements in surgical and adjuvant chemotherapy treatment, 5-year survival rates from CRC still remain unsatisfactory [2, 3] . Sensitive biomarkers are crucial for early diagnosis and predicting prognosis [4, 5] . Although several independent clinical prognostic factors for CRC have been identified, increasing evidence suggests that it is insufficient for predicting the clinical outcome of these patients [6] [7] [8] . To improve clinical outcome of colorectal cancer patients, novel molecular prognostic markers are needed as well as improved understanding of the mechanism of tumorigenesis.
Cul4A belongs to the family of evolutionally conserved cullin proteins, including seven related cullins (Cul1, Cul2, Cul3, Cul4A, Cul4B, Cul5 and Cul7) [9] . Cul4A is an important component of E3 ubiquitin ligase family and ubiquitinates a large number of substrates such as DDB2, REDD1 and histone H2A [10] [11] [12] . Changes in CUL4A potentially exert pleiotropic effects that alter cellular functions, including proliferation, differentiation, and apoptosis [13] [14] [15] . CUL4A mRNA and protein levels are highly correlated with 13q34 amplification and have been hypothesized to be the candidate biomarker in breast cancers and hepatocellular carcinomas [16, 17] , as well as in other cancers, such as lung cancer, prostate cancer and ovarian carcinoma [18] [19] [20] , further supporting its possible role in the aggressive behavior of certain cancers. However, there have been no reports concerning CUL4A protein expression in CRC and its association with clinical outcome.
TP53 is one of the most important tumor suppressor genes, mutated in over 50% of human malignancies [21] [22] [23] . It regulates DNA repair, cell cycle and apoptosis and therefore plays an essential role in maintaining genetic stability [22] . Mutations of TP53, which are considered to be able to bear ubiquitination, are thought to be involved in the pathogenesis of as many as 60% of colon cancers [24] [25] [26] . With a prolonged half-life, TP53 protein detected by immunohistochemistry assay has been widely used as a detection method for TP53 mutation [27] [28] [29] . Although it has been suggested that TP53 plays a critical role in cancer progression [30, 31] , to our knowledge no published data on the correlation between mutants TP53 and CUL4A, especially the prognostic value of their combined expression pattern exist so far.
The local or distant invasion and metastasis is one of the most common causes that leads to the poor prognosis in colorectal cancer patients, however, the molecular mechanism is still not fully elucidated. Epithelial-mesenchymal transition (EMT) resulted in the loss of cell polarity and tight junction between cells，which allowed the epithelial cells to get the invasion and migration ability. EMT is an effective way to acquire the migration ability in epithelial cells，so it has become an important approach for the invasion and metastasis of epithelial cell carcinoma. EMT cells strongly promoted the expression of MMP family protein including MMP1, MMP2, and MMP7 through the upregulation of Snail and SIPI in primary hepatic carcinoma [32] . ZEB1 performs a significant role as an regulatory molecule in the process of carcinoma cells epithelial-mesenchymal transition (EMT), which bring about tumor invasion and metastasis. Studying the regulation of proliferation and EMT will greatly benefit our understanding of colorectal cancer.
In the present study, we analyzed CUL4A and TP53 expression by immunohistochemistry analysis in both normal and malignant colorectal tissues using tissue microarrays. We correlated CUL4A and TP53 expression with clinicopathological characteristics as well as survival rate in patients with colorectal cancers. Our findings indicated CUL4A overexpression promoted proliferation and EMT in colorectal cancer cells via ZEB1, resulting in enhancement of growth, migration, and invasion in vitro and metastasis in vivo.
Materials and Methods
Human tissue specimens and patient information A total of 180 paired cancer and matched normal surgical margins of formalin-fixed paraffinembedded (FFPE) tissue samples were collected. All tissue blocks were obtained from the department of general surgery, Shanghai General Hospital from 2006 to 2010. Clinical characteristics of cancer patients were extracted from their medical record, including: age, sex, histological type, differentiation grade and tumor stage. None of the cancer patients received any types of treatments (radiation therapy, chemotherapy, or immunotherapy) before surgery. The patients' disease-free survival (DFS) and overall survival (OS) durations were defined as the interval from initial surgery to clinically or radiologically proven recurrence or metastasis and from initial surgery to death, respectively. The study protocol was approved by the Human Research Ethics Committee and all patients signed an informed consent for the provision of biological material for future research purposes.
Tissue microarray (TMA) construction and immunohistochemistry analysis (IHC)
After screening hematoxylin and eosin (H&E)-stained slides for optimal tumor tissue and tumor adjacent tissue up to 2 cm from the tumor, TMA slides were constructed (in collaboration with Shanghai Biochip). Specifically, core tissue biopsies (2 mm in diameter) were taken from individual FFPE blocks and arranged in a new recipient paraffin block. Four-micron sections were cut and placed on super frostcharged glass microscope slides to generate TMA slides. Tissue sections were deparaffinized and rehydrated through graded alcohols. Endogenous peroxidase activity was blocked by incubation in 3% H 2 O 2 . Antigen retrieval was carried out with 0.01 M citrate buffer pH 6.0 and microwave heat induction. CUL4A was detected by rabbit polyclonal anti-human CUL4A antibody (dilution 1:500) (Abcam, ab72548), and TP53 was detected by rabbit monoclonal anti-human TP53 antibody (dilution 1:300) (Abcam, ab32049). The steps were performed using the Envision two step method. The Envision and DAB Color Kit was purchased from Gene Tech Company Limited (Shanghai). Counterstained with Hematoxylin, dehydrated through graded alcohols, cleared in xylene, and coverslipped with permanent mounting media. All cases were reviewed and scored without knowledge of clinical characteristics. The scoring system includes the extent and intensity of staining. Briefly, the intensity was assigned a score of 0, 1, 2, or 3, representing negative, weak, moderate, or strong expression, respectively. Whereas, the extent was assigned a score of 0, 1, 2, or 3, representing negative, < 10%, 10%-50%, and > 50% of cells stained. The overall quantitation of the IHC score was obtained by multiplying the average intensity and score of five different high-power fields (× 400 magnification).
Cell culture and transient transfection
Two human colorectal cancer cell lines, HCT8 and HT29, were purchased from the Type Culture Collection of the Chinese Academy of Science (Shanghai, China). All cell lines were cultured in Dulbecco's Modified Eagle's Medium (DMEM, Gibco) supplemented with 10% fetal bovine strum (FBS, Gibco), 1% penicillin-streptomycin (Gibco) and grown in a humidified 37℃ incubator with 5% CO 2 .
Three short hairpin RNAs were designed and the most effective target sequence of the CUL4A gene short interfering RNA (siRNA) were 5'-CCAUCUGGGAUAUGGGAUUTT-3'. A scrambled siRNA (5'-CUCCGAACGUGUCACGUTT-3') was used as a negative control. HCT8 and HT29 cells were transfected using Lipofectamine 2000 (Invitrogen) according to the manufacturer's protocol. SiNC and SiZEB1 were purchased from GENEWIZ (Suzhou, China). Transfection was performed with Lipofectamine 2000 (Invitrogen, United States) according to the manufacturer's instructions. 
Quantitative real-time polymerase chain reaction (qPCR)
Total RNA was isolated from 38 tumor tissues and corresponding normal mucosae following the manufacturer's instructions (Qiagen, Hilden, Germany). First-stand cDNA was synthesized from 1 μg of total RNA according to PrimeScript/tm RT Master Mix (Takara, shiga, Japan). qPCR was performed on a ViiA 
Western blot analysis
Protein was extracted from tissue samples and cells using RIPA lysis buffer. The protein concentration was measured using the BCA protein assay kit (Beyotime Biotechnology, China). The standard western blot was performed in order to transfer protein onto PVDF membranes. Membranes were then incubated with an antibody against CUL4A (1:200, Abcam, UK), E-cadherin (1:100, Abcam, UK), N-cadherin (1:100, Abcam, UK), Vimentin (1:100, Abcam, UK), ZEB1 (1:500, Abcam, UK) and GAPDH (1:1000, Cell Signaling Technology, USA) overnight at 4°C. After washing with TBST, the membranes were incubated with a secondary antibody against mouse immunoglobulin G. The proteins were detected using ECL (Pierce Biotechnology, USA) according to the manufacturer's instructions.
Colony formation assay
Preparing single-cell suspension solutions and then plating on a 6-well plate with 500 cells per well evaluated colony-formation ability. After 14 days, the developed colonies were stained with Giemsa for 20 min, which were then counted and photographed.
Cell scratch-wound assay For cell migration, colorectal cancer cells were seeded in six-well plates. A cell scratch-wound was generated using a 10-μL tip. The wounded cells were photographed for measuring gap sizes at 0 h and 24h.
Migration and invasion assays
The invasion and migration ability of treated colorectal cancer cells were evaluated by using invasion assay and Transwell assay. Cells (5×10 4 ) were seeded into the upper chambers with Matrigel (BD, CA, USA), and the lower chamber was filled with 10% FBS. After 24h incubation, migrated cells on the lower membrane were fixed, stained and counted under a microscope.
Tumorigenesis in nude mice
All protocols for the animal studies were approved by Shanghai Jiao Tong University affiliated Shanghai First People's Hospital Animal Care guidelines. SiCUL4A cells and controls (1×10 6 ; n=5/group) were subcutaneously injected into nude mice (6-week-old) respectively. Four weeks later, tumor volume and weight were measured.
Statistical analysis
For statistical analysis, the continuous CUL4A and TP53 expression data from IHC were first converted into dichotic data (low vs high) using specific cutoff values, which were selected to be significant in terms of survival using the X-tile software program (The Rimm Lab at Yale University; http://www.tissuearray.org/ rimmlab). Student t test and Pearson χ2 test were used to determine the statistical significance of differences between comparison groups. The correlation between CUL4A and TP53 protein expression was calculated using Spearmans test. The cumulative patient survival was estimated using the Kaplan-Meier method, and a log-rank test was used to compare the survival curves. A Cox proportional hazards model was used to calculate multivariate hazard ratios for the variables. A P-value of less than 0.05 was considered statistically significant. All statistical analyses were carried out using the SPSS 19.0 statistical software package (SPSS Inc., Chicago, IL).
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Results

CUL4A or TP53 expression in colorectal tissues
Using the X-tile software program for TMA data analysis (http://www.tissuearray. org/rimmlab), we first identified significant cutoff point in terms of overall survival in colorectal cancers. For CUL4A, the cutoff 7 was selected for colorectal cancers: score 0-7 was considered low expression while 8-9 was considered high expression. For TP53, the cutoff point 7 was selected for colorectal cancer. For all subsequent analyses, CUL4A and TP53 protein expression levels were considered either as Low or High using these cutoff values. Of the 180 specimens on the paired TMA, 155 (86.1%) showed CUL4A low staining in normal mucosa. In contrast, CUL4A was prominently expressed in colon cancerous tissue specimens, with 95 (52.8%) of cancerous tissues had high CUL4A expression (CUL4A+), significantly higher than normal surgical margin tissues (Table 1) . Similarly, the frequency of high TP53 expression (TP53+) was significantly higher in cancers than normal surgical margins and benign lesions. Interestingly, high CUL4A and high TP53 expression (CUL4A+/TP53+) was almost exclusively present in cancerous tissues, only 3 cases in colorectal normal tissues had CUL4A+/TP53+ staining. We also found that tumor differentiation was significantly correlated with the expression of CUL4A and TP53 (Fig. 1C) .
In order to confirm the expression of CUL4A in colorectal cancer, we first primarily browse Oncomine (www.oncomine.org) to acquire CUL4A expression in colorectal cancer, then we discovered that its level was obviously higher in tumor tissues compared with normal tissues (Fig. 1A) . we performed western blotting and qPCR analysis. These experimental results showed that CUL4A expression level was higher in cancerous tissues than that in the adjacent normal tissues both at the transcriptional and post-transcriptional levels (Fig.  1B) . These data suggested that the expression of CUL4A and TP53 is closely related to the occurrence and development of colorectal cancer. 
Association of CUL4A and TP53 expression with clinicopathologic characteristics in colorectal cancers
Next, we examined the correlation between CUL4A or TP53 protein expression and clinical parameters among colorectal cancer patients. In colorectal cancer, high CUL4A expression was significantly associated with tumor size ( P = 0.048 ), differentiation ( P = 0.049 )，N stage ( P < 0.001 ) and AJCC stage ( P = 0.026 ); while high TP53 expression was associated with tumor differentiation ( P = 0.002 ) ( Table 1 ). Significant correlation between CUL4A and TP53 expression was detected ( P = 0.024 ).
Prognostic value of CUL4A and TP53 protein expression in colorectal cancer
In colorectal cancer, high CUL4A expression was significantly associated with poor survival. The disease-free survival (DFS) time was analyzed in 164 patients in stages I-III, who accepted radical colectomy. The proportion of patients who developed recurrence or metastasis from primary colon cancer after radical colectomy differed substantially between the CUL4A-high and CUL4A-low group (Fig. 2A) . The risk of developing recurrence or distant metastases after radical colectomy was much higher in patients with CUL4A-high tumors Table 2 ). Furthermore, Kaplan-Meier analysis also showed that the expression of CUL4A was significantly correlated with overall survival (OS) of colon cancer patients (log-rank test, P < 0.001, Fig. 2B ). In multivariate analysis with clinicopathological variables, including age, gender, clinical stage and differentiation grade, the expression of CUL4A had an independent prognostic value to predict patients' outcomes (HR 4.06; 95% CI 1.08-14.9; P = 0.038, Table 2 ). On the other hand, mutant TP53 had no relation with DFS but was significantly associated with OS (P = 0.031; Fig. 2C and 2D) . Notably, although mutant 
CUL4A promotes colon cancer cell proliferation
To examine the effect of CUL4A on colon cancer in vitro, colony formation assay related to cell proliferation was performed. The efficiency of SiRNA-mediated knockdown in HCT8 or HT29 cells was more than 70% (Fig. 3A) . As the immunohistochemical analysis showed (Fig. 3B) , lentiviral vector transfer resulted in a decrease of CUL4A protein in HCT8 tumor xenografts. Colony formation assay showed that CUL4A knockdown inhibited cancer cell colonogenicity compared with control groups (Fig. 3C) . Furthermore, we investigated the role of CUL4A in the growth of xenograft mouse model. Control cells and SiCUL4A cells were subcutaneously injected into nude mice (n=5/group). The tumor growth curves and harvested tumor weights are shown in Fig. 3B . The tumors formed from SiCUL4A cells grew Cell
slower than those formed from the control cells (Fig. 3D) . After 4 weeks, the volume of tumors induced by the CUL4A-suppressed cells was significantly reduced when compared to that induced by control cells (Fig. 3D ).
CUL4A promotes migratory and invasive ability of colon cancer by reversing EMT tendency
In transwell cell invasion assays, representative data showed that SiCUL4A dramatically decreased the invasive ability of colorectal cells (Fig. 4A) . These data suggest that CUL4A plays an important role in cell invasion. The SiCUL4A cells was wounded by scratching and maintained at 37°C for 24 h. The knockdown of CUL4A attenuated the flattening and spreading of HCT8 and HT29 cells (Fig. 4B) , indicating that CUL4A may have a significant effect on cell migration and invasion.
Since altered CUL4A expression was associated with the migratory and invasive ability of colon cancer, we subsequently investigated the capability of CUL4A to induce EMT in human colon cancer cells. We transfected CUL4A-SiRNA and the control vector into HCT8 and HT29 cells. We found that down-regulation of CUL4A in HCT8 and HT29 cells significantly decreased the levels of vimentin and N-cadherin but increased E-cadherin expression in protein level (Fig. 4C) . These results indicate that CUL4A promotes migratory and invasive ability of colon cancer by reversing EMT induction. 
Discussion
CUL4A, a member of the cullin family of proteins, composes the multifunctional ubiquitin ligase E3 complex, is essential for the ubiquitination of several well-defined tumor suppressor genes such as p21 [33] , p27 [34] , and p53 [35] . Thus, CUL4A may act as an oncogene, but whether CUL4A plays a role in colorectal cancer remains unknown. Our study shows that (a) the expression of CUL4A is upregulated in colorectal cancer. and high TP53 expression is a significant independent prognostic factor. (d) the overexpression of CUL4A promotes proliferation, migration and invasion of colon cancer. (e) CUL4A promotes the migration and invasion of colon cancer by affecting EMT induction.
In this study, we have determined CUL4A and TP53 protein expression in colorectal tissues by immunohistochemistry analysis on tissue microarray (TMA). We found that both CUL4A and TP53 protein expression were significantly higher in cancerous tissues than in normal tissues. In colorectal cancers, we found high CUL4A protein expression was associated with tumor size, differentiation，N stage and AJCC stage. We also detected significant correlation between CUL4A and TP53 expression. In multivariate analysis, we found high CUL4A expression was significantly associated with patients' poor DFS and OS. Our data indicated that high TP53 expression was associated with poor overall survival but not disease free survival in colorectal cancer. Multivariate analysis showed that CUL4A expression alone or combined with mutant TP53 expression appeared to be an independent prognostic factor for OS and DFS in colon cancer. We proposed that data on CUL4A and mutant TP53 expression in tumors could be used to design optimal, individualized treatment and to help identify patients who may or may not benefit from close monitoring after surgery. Most of all, the mutant TP53, a gene significantly correlated with colon cancer, although not predictive of cancer prognosis by itself, could be of strong predictive value when evaluated with CUL4A expression. In summary, this study provided critical insight into the role of the CUL4A gene in the progression of colon cancer. The frequent up-regulation of CUL4A expression in human colon cancer highlights its potential as a novel therapeutic target for this cancer. These findings might be helpful in designing future studies to understand the molecular development of colon cancer.
Researchers have found that CUL4A plays a critical role in cellular proliferation and tumor invasion [36] [37] [38] . At the same time, our experiments in vivo and in vitro support those clinical assays. Ectopic CUL4A expression affected proliferation, migratory and invasion of colorectal cancer. CUL4A, which is the core structure in the main skeleton of ubiquitin ligase E3, can degrade various proteins by ubiquitin-proteasome system (UPS) to regulate the level and function of proteins. Thus, CUL4A-DDB1-ROC1 complex plays an important role in the occurrence and development of malignant tumors. CUL4A-DDB1 can regulate the methylation of H3K4 by the ubiquitin hydrolysis of WDR5 and RBBP5, which leads to the activation and silencing of some genes. Study have shown that CUL4A can induce the activation of ZEB1 through regulating H3K4 trimethylation, which is a mediator for CUL4A-induced EMT, migration, invasion, and tumor metastasis in breast cancer [36] . It was reported that the level of P53 protein was regulated by both MDM2 and CUL4A-DDB1-ROC1 complex. The deletion of DDB1 leads to the accumulation of P53, while ectopic expression of CUL4A decreased the level of P53 [39] . In our study, knockdown of CUL4A attenuated proliferation, migratory and invasive abilities of colorectal cancer cells in vitro and tumorigenicity in vivo.
Although the understanding of cell migration and invasion has evolved greatly, mechanisms involved in the progression of colorectal cancer are not fully understood. Convincing evidence suggests that the EMT has a close relationship with metastasis and invasion of malignant tumor [40] [41] [42] . In the current study, we found that expression of CUL4A is significantly associated with the EMT. Deregulated CUL4A expression increased levels of epithelial markers (E-cadherin), and decreased levels of mesenchymal markers (N-cadherin and vimention). ZEB1 plays a vital role as regulatory molecule in the process of carcinoma cells epithelial-mesenchymal transition (EMT), which brings about tumor invasion and metastasis. Besides, this report showed that CUL4A could regulate EMT via ZEB1 in colorectal cancer cell lines. Moreover, ZEB1 interference noticeably cut down the metastasis and EMT result from CUL4A overexpression in HCT8 cells.
Conclusion
To our best knowledge, this is the first study investigating epithelial CUL4A protein expression as well as potential CUL4A and TP53 protein interaction in colorectal cancers. Our study has several limitations: first, it is a retrospective observational study, the conclusions might not be applicable to the general population. Larger prospective studies are needed to confirm our findings. Secondly, the roles of several transcription factors and non-coding RNA as EMT regulators (miR-137 and miR-9) have not been explored [37, 43, 44] . Thirdly, the relationship between CUL4A and TP53 has not been further explored. Further studies
